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I. INTRODUCTION Optical excitation of interband transitions in semiconductors generates a nonlinear coherent polarization which decays by phase-breaking scattering processes of the photoexcited carriers. The phase relaxation times in those condensed materials are in the femtosecond and picosecond regimes due to the strong coupling of the elementary excitations. Thus ultrafast coherent spectroscopy gives direct insight into the fundamental nonequilibrium dynamics of carrier equilibration and the concomitant dephasing processes. ' Direct-gap semiconductors show large third-order po- The experiments with the undoped sample were performed at a lattice temperature of TI = 10 K; the p-type material was studied for Tg = 10-120 K.
Transform-limited pulses of 100-fs duration and a corresponding spectral width of 20 meV (full width at half maximum) are generated with a mode-locked Ti:sapphire laser. The tuning range of this system extends over a wide wavelength interval from 710 to 850 nm with an output power of several hundreds of milliwatts, and a Gaussian intensity distribution across the beam diameter.
The degenerate FWM experiment is depicted schematically in Fig. 1 Fig. 1(b (Fig. 2) . For the p-type material, the amplitude of the second (EEI) maximum relative to the first (PSF) one (see Fig. 4 (2) [ U(3) (1) + U(1) ( The equations of motion for the Fourier components of the polarizations are (7) (1) [(~e+~h +II ) (1) + U(1)( I f
I~ ( 1) Pk (3) [(&e+&h +Q ) (2) +f h (2) )]
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Eqs. (8) and (9) Equations (5) - (9) creases with increasing density. The overall agreement with the experiment is very good. However, we find some slight differences: In contrast to the experiments, the calculated spectra exhibit a redshift with increasing density which is not found in the measurements. This redshift has been found also in quasiequilibrium spectra at high densities.
Furthermore, the free-carrier contribution begins to dominate at somewhat lower densities than in the experiments.
We attribute this difFerence mainly to limitations of the static screening model used in the calculations. Even at quasiequilibrium it has been found that the static limit overestimates the screening. Under nonequilibrium conditions, such as is in the present study, dynamic aspects of the screening become more important.
In the case of ultrafast processes,
In Fig. 5(a) to the free-carrier dynamics and a delayed part related to the excitonic contribution. As in the spectrally resolved signal, the excitonic contribution decreases with increasing density. It is interesting to notice that at densities where an excitonic contribution is still clearly visible in the spectrally resolved signal, the time-resolved curve exhibits practically only free-carrier contributions. Thus spectrally resolved measurements are more sensitive in this density range.
The results in Fig. 6 demonstrate the influence of the dephasing rate on the spectrum and on the time-resolved signals for two different densities at zero delay. In the low-density case [ Fig. 6 (a}], the spectrum is always concentrated at the exciton energy. The decreasing linewidth directly reflects the decreasing dephasing rate. In the high-density case [ Fig. 6(b) ], we see that the relative height of the exciton and the free-carrier contribution depends strongly on the dephasing rate. A decreasing rate leads to an increase in the excitonic contribution.
While in the spectra the changes are more pronounced in the high-density case, the time-resolved signals exhibit the opposite behavior. In the high-density case [Fig. 6(d) 
